Objective: Resistant epilepsy is widely seen in clinical settings manipulate the researchers to pursuit novel anti-epileptic treatments. Although trimetazidine (TMZ) is commonly used in the treatment of angina and ischemic diseases, it is considered that the drug may be beneficial in the treatment of epileptic seizures and convulsions. We aimed to evaluate electrophysiologically the protective effects of high dose acute TMZ on epileptic seizures and convulsions in a rat model of epilepsy induced by pentilentetrazol (PTZ). Method: Forty-eight male Sprague-Dawley rats were used for the EEG evaluation (Group-A; n=24) and behavioral assessment (Group-B; n=24). Grup-A1 and Grup-B1 were determined as control group and given no medication. 35 mg/kg (Group-A2, -A3 and -A4) and 70 mg/kg (Group-B2, -B3 and -B4) of PTZ were administered intraperitoneally (ip.) so as to generate seizures and convulsions. Group-A2 and Group-B2 were treated with saline. 40 mg/kg (Grup-A3 and Grup-B3) and 80 mg/kg of TMZ (Group-A4 and Group-B4) were administered to the treatment groups by ip. Brain malondialdehyde (MDA) levels, spike-percentage values, Racine's Convulsion Scale (RCS) scores and "first myoclonic jerk (FMJ)" latencies of each rat were determined. Results: Brain MDA levels, spike-percentage values, RCS scores, and FMJ latencies of Group-A2 and Group-B2 were significantly increased compared to those of the control's (Grup-A1 and Grup-B1) (P<0.05 for all comparisons). However, in TMZ treated groups (Group-A3 and -A4; Group-B3 and -B4) the elevated values of these parameters were found to be significantly decreased (P<0.05 for all comparisons).
INTRODUCTION
Epilepsy is a complex and the most common multifactorial neurological disorder (incidence 29-53 cases per 100.000 per year; prevalence 5-8 cases per 1000; lifetime prevalence 3-5%) for which the pathogenesis is still unclear despite the numerous previous studies on this issue [1] [2] [3] [4] . The societal costs of epilepsy are fairly high. Based on a survey in 1995, the annual cost for epileptic patients in the USA is estimated to be approximately $12.5 billion 5 . New developed drugs were increased the cost $2000-3000 per year per patient, from $400-1300 for previous generation of first line medications. Surgery is now an important option for the increasing number of patients with epilepsy and even larger numbers of patients are undergoing pre-surgical assessments. Owing to these additional factors, the cost of epilepsy has increased 6 . Despite to the available treatment methods, resistance to anti-epileptic drugs affects 20% to 40% of patients with epilepsy 7, 8 . Current treatment options for these patients are limited and this limitation causes an increase in morbidity and mortality. The economic burden of drug-resistant epilepsy is substantial and is responsible from 80% of the money spent for epileptic patients 7, 8, 9 . This situation creates an importance for the urgency of identifying novel drugs for epilepsy treatment.
Trimetazidine (TMZ) is a piperazine-derived lipophilic agent came into focus with use in angina treatment and for ischemic events 10 . The drug exerts anti-ischemic effect without inducing hemodynamic changes 11 . TMZ inhibits mitochondrial 3-ketoacyl-coa-tiolase enzyme, leading to discontinuation of β-oxidation of fatty acids. In turn, use of glucose increases. The blockage of membrane lipid peroxidation reduces the release of inorganic phosphate and phosphocreatine, as well as the production of free oxygen radicals. Another possible effect of TMZ is the prevention of intracellular calcium accumulation by controlling the membrane ion gradients, taking the intracellular pH under control 11, 12 . It also prevents intracellular swelling by decreasing the intracellular potassium loss and inhibition of Na/Ca pump 13 . In summary, the drug maintains ATP stores against ischemia-induced intracellular acidosis and prevents the production of free oxygen radicals 14 . It has been suggested that TMZ exerts anti-excitotoxic effects through α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA)/kainite receptor antagonism 15 .
TMZ has been shown in experimental animal models to be beneficial against ischemia in several organs including the heart and the brain, peripheral nerves, inner ear, kidney, lung, bowel, liver, and stomach [15] [16] [17] [18] [19] [20] [21] [22] . Despite the clearly-defined antiischemic effects of the TMZ, there are a limited number of studies in the literature on the potential effects of TMZ in epileptic seizures or convulsions 10, 23 .
In the present study, based on the anti-oxidant as well as anti-excitotoxic effects of TMZ representing a candidate drug for the treatment of drug-resistant epilepsy, we aimed to evaluate if high dose TMZ has an acute effects on penthylenetetrazol (PTZ)-induced seizures and convulsions by using EEG recordings and behavioral assessment in rats. For the biochemical assessment, an oxidative biomarker malondialdehyde (MDA), was also evaluated in rats' brain. To the best of our knowledge, no previous study has evaluated the anti-convulsant and anti-oxidant efficacy of acute administration of high dose trimetazidine in PTZ-induced seizure in rats.
MATERIAL and METHODS
All experiments and protocols described in the present study were performed in accordance with the Guide for the Care and Use of Laboratory Animals, as adopted by National Institutes of Health (U.S.) and also approved by the Medical Faculty Experimentation Ethics Committee of Gaziosmanpasa University.
Forty-eight male (24 of them for EEG recording and 24 of them are for behavioral studies) SpragueDawley rats, weighing 200-250 g each, were used in this study. The rats were kept under a 12 h light/dark cycle (light from 07.00 to 19.00), in quiet rooms, with [22] [23] [24] o C ambient temperature and provided free access to standard rat nutrients and purified drinking water ad libitum.
Drugs
Pentylenetetrazol (PTZ; Sigma-Aldrich, Interlab Inc., Istanbul, Turkey) and trimetazidine (TMZ; 1-[2,3,4-trimethoxybenzyl] piperazinedihydrochloride; Vastarel ® MR) were dissolved in 0.9% saline. Drug solutions were prepared freshly in the morning.
Experimental Procedures
Forty-eight rats were randomly and equally divided in two groups: Group A for EEG recordings and Group B for behavioral assessment. For the EEG recordings, rats were deeply anesthetized using 80 mg/kg ketamine HCl (Ketalar, Pfizer Pharmaceuticals, Istanbul, Turkey) and 4 mg/kg xylazine (Rompun, Bayer AG., Istanbul, Turkey) mixture intraperitoneally (ip.). Small hole was opened with a drill under stereotaxically following the anesthesia. The electrodes (polyamide-coated stainless steel wires, 0.1 mm diameter and electrical resistance <1Ω/10 mm) were implanted on dura over left frontal cortex (2.0 mm lateral to the midline, 1.5 mm anterior to the bregma 24 ) and the reference electrode was implanted over cerebellum (1.5 mm posterior to the lambda, on midline 24 ). The electrodes were fixed by using dental acrylic following the implantation 25, 26 .
35 mg/kg PTZ is ideal for observing changes in EEG spikes but does not consistently produce observable behavioral changes, while 70 mg/kg PTZ consistently produced observable behavioral changes but EEG readings have small signal to noise ratio to see differences in drug concentrations 24 .
After 12 days from electrode fixation, 24 rats were divided randomly into 4 groups (6 rats per group): Group-A1, -A2, -A3, and -A4.Group-A1 was defined as control and given no medication. Group-A2 was carried out with 1 ml/kg saline, while the Group-A3 and Group-A4 were administered 40 mg/kg TMZ and 80 mg/kg TMZ, respectively. All administrations were done ip. The drugs were administered 30 minutes prior to PTZ injection. All groups, except Group-A1, were received 35 mg/kg PTZ and EEG was recorded. EEG recordings were taken in awake rats in a special container after 5 minutes from PTZ administration 26 . The EEG recordings were taken in 60 minutes 26 , the signals were amplified 10.000 times and also filtered with a range of 1-60 Hz. EEG records were taken by using the BIOPAC MP150 Data Acquisition System (Biopac System Inc., Santa Barbara, USA) and spike percentage (We defined "spike percentage" as a reproducible way of quantifying epileptiform activity is to quantify the percentage of 1-second bins with at least one spike-wave 27 ) was evaluated. Two clinical neurophysiologists scored the EEG data for spike percentage. We also affirmed the electrode location histologically following euthanasia.
For the behavioral assessment, the groups were rearranged with the remaining 24 rats (Group-B) and these rats were then divided into 4 groups (6 rats per group): Group-B1, -B2, -B3, and -B4. Group-B1 was defined as control and given no medication. Group-B2 was carried out with 1 ml/kg saline, while the Group-B3 and Group-B4 were administered 40 mg/kg TMZ and 80 mg/kg TMZ, respectively. The drugs were administered 30 minutes prior to 70 mg/kg PTZ injection. All administrations were done ip. Racine's Convulsion Scale (RCS) and onset times of "first myoclonic jerk" (FMJ) was used to evaluate the seizures (for only 70 mg/kg PTZ) as follows: 0 = no convulsion; 1 = twitching of vibrassae and pinnae; 2 = motor arrest with more pronounced twitching; 3 = motor arrest with generalized myclonic jerks (this time was recorded for evaluating FMJ onset time); 4 = tonic-clonic seizure while the animal remained on its feed; 5 = tonic-clonic seizure with loss of the righting reflex; 6 = lethal seizure 25, 26 . The onset times were recorded as seconds. Almost all animals showing tonic generalized extension were died. The observation period for PTZ-induced seizures was limited with 30 minutes duration 28, 29 . After this duration, the animals were euthanized.
Evaluation of lipid peroxidation
Lipid peroxidation was determined in plasma samples by measuring MDA levels as thiobarbituric acid reactive substances (TBARS). Briefly, trichloroacetic acid and TBARS reagent were added to the plasma samples, then mixed and incubated at 100 °C for 60 min. After cooling on ice, the samples were centrifuged at 3000 rpm for 20 min and the absorbance of the supernatant was read at 535 nm. Tetraethoxypropane was used for calibration and brain MDA levels were expressed as nM.
Statistical analysis
Results were expressed as a mean ± standard error of mean (SEM). Data analyses were performed by utilizing SPSS version 15.0 for Windows. ShapiroWilk test is used to determine if a population of values has a normal distribution. The spike percentage, MDA, RCS score, and FMJ on set time were evaluated by one-way analysis of variance (ANOVA) followed by the Bonferonni or KruskalWallis post-hoc tests, as applicable. The value of P<0.05 was accepted as statistically significant.
RESULTS

Evaluation of EEG records
The mean ± SEM values of spike percentage of all groups are listed in Table 1 and EEG recordings of all groups are shown in Fig. 1 . The highest spike percentage values were detected in PTZ+saline group. The mean percentage values were significantly lower in PTZ+40 mg/kg and PTZ+80 mg/kg TMZ groups than that of the PTZ+saline group (P<0.0001, respectively). The average of spike percentage in PTZ+80 mg/kg TMZ group was found significantly lower than that of the PTZ+40 mg/kg group (P<0.0001). 
Evaluation of the seizures
The mean ± SEM values of RCS scores and FMJ onset time of all groups are listed in Table 2 . The highest RCS score and the lowest FMJ latency (excluding the control group) were detected in PTZ+saline group. The decreases in both PTZ+40 mg/kg TMZ and the PTZ+80 mg/kg TMZ groups were found statistically significant in comparison to that of the PTZ+saline group with regard to the RCS scores(P<0.001, P<0.0001; respectively).
Similarly, FMJ latencies were markedly higher in PTZ+40 mg/kg TMZ and the PTZ+80 mg/kg TMZ groups than that of the PTZ+saline group (P<0.001, P<0.0001; respectively). Moreover, the decrease in RCS score and the increase in FMJ latency values in PTZ+80 mg/kg TMZ group were found significant when compared to those of the PTZ+40 mg/kg TMZ group (P<0.01, P<0.001; respectively). 
Evaluation of brain lipid peroxidation (MDA)
The mean ± SEM values of brain MDA levels of all groups are listed in Table 3 .Brain MDA levels in PTZ+saline group were found significantly higher than that of the control group (P<0.01). On the other hand, MDA levels were significantly decreased in PTZ+40 mg/kg and PTZ+80 mg/kg TMZ groups compared to that of the PTZ+saline group (P<0.05; respectively). Moreover, levels in PTZ+80 mg/kg TMZ group was markedly lower than that of thePTZ+40 mg/kg TMZ group (P<0.05). 
DISCUSSION
There are many different mechanism considered to have a role in epileptogenesis. With a general definition, epileptic seizures are caused by the imbalance between excitatory and inhibitory stimuli in an epileptic focus 30 .
Epilepsy may be caused by the intracellular calcium accumulation induced by increased synaptic transmission of AMPA/kainatereceptor of glutamate. Oxidative stress may also contribute to the pathophysiology of epilepsy. Moreover, free oxygen radicals are among the factors associated with resistant epilepsy patients [30] [31] [32] [33] .
It is well known that energy consumption increases in the cell during and after the epileptic seizures. Acceleration of energy consumption is associated with lipid peroxidation, resulting in increase in free oxygen radicals [34] [35] [36] . Free oxygen radicals exacerbate the existing clinical symptoms of epilepsy which is manifested as resistant epilepsy cases. MDA is a lipid peroxidation product indicating the oxidative stress 37, 38 . Seizures have been shown to increase the oxidative stress in experimental epilepsy models. Repeated and prolonged seizures have been considered to lead an uncontrolled increase in free oxygen radicals and an increase in oxidative stress, triggering the neuronal death and apoptosis 39 . Previous experimental studies have found that TMZ exerts a protective effect on cells by decreasing the production of free oxygen radicals [40] [41] [42] [43] [44] .
Accordingly, in the present study, we found significantly higher MDA levels in PTZ+saline group than in control group, indicating PTZinduced oxidative damage in rat's brain (P<0.01).
In acute conditions, PTZ-induced elevated MDA levels in brain have been reported in various studies such as Uyanikgil et al. 26 and Cevik et al. 45 . In these studies, 70 mg/kg of PTZ was used to induce convulsions in rats, as in our study, and findings of the present study are in good accordance with the results of the above-mentioned studies. On the other hand, the MDA levels in PTZ+40 mg/kg TMZ and PTZ+80 mg/kg TMZ groups were markedly reduced compared to that of the PTZ+saline group (P<0.05; Table 3 ). Moreover, the levels in PTZ+80 mg/kg TMZ was found to be significantly decreased compared to that of the PTZ+40 mg/kg TMZ group (P<0.05; Table 3 ). Thus, TMZ was concluded to decrease the oxidative stress dose-dependently in PTZ-induced epilepsy model in rats and it can be suggested that the TMZ has a protective effect on oxidative damage associated with PTZ in brain. Although the protective effects of TMZ on oxidative tissue damage have been shown in various experimental studies [40] [41] [42] [43] [44] , there are only a few studies investigating the efficacy of TMZ on this issue in brain 10, 46 .
Results of the present study show that the highest RCS score and the lowest FMJ latency (excluding the control group) were detected in PTZ + saline group ( Table 2 ). The decrease in RCS score and the increase in FMJ latency were found significant in groups treated with TMZ compared to that of the PTZ + saline group (P<0.001 vs. PTZ + 40 mg/kg TMZ and P<0.0001 vs. PTZ + 80 mg/kg TMZ) ( Table 2) . Spike percentage values were significantly lower in TMZ-treated groups (P<0.0001; Table 1 ). Moreover, changes in RCS, FMJ, and spike percentage which were seen in groups treated with TMZ were increased as the dosage increases (Table 1 and 2) . As a result, it can be suggested that the TMZ was found to have anticonvulsant activity which is dose-dependent.
Results of the present study are in accordance with similar previous studies 10, 23 . In the study by Jain et al. 10 , the anti-convulsant activity of TMZ has been studied in an electroshock model of epilepsy with investigating the possible involvement of calcium channel blockage and using nimodipine and phenytoin. The authors have concluded that TMZ may have anti-convulsant activity through modulation of calcium channels. In another study by Jain et al. 23 , the effect of TMZ on PTZ-induced epilepsy has been assessed by oxidative stress markers and seizure scores. In contrast to our study, TMZ has been administered for 5 weeks in that study. Chronic effects of TMZ have been evaluated by measurement of brain MDA and reduced glutathione levels. Similar to our study, those authors have also reported a dose-dependent anticonvulsant effect for TMZ 23 . Our study differs from that study, because we used TMZ in higher doses and evaluated the acute effects of the drug and found more anti-convulsant effect when the drug was used in higher doses.
It is possible that the anti-convulsant effect of TMZ is caused at least partly by antagonizing the AMPA and kainite receptors against glutamatergic excitotoxicity which is responsible from epileptogenesis and cell loss 15 . Another possible anti-epileptic action of mechanism is decreasing the free oxygen radicals, which effect is considered to be associated with inhibition of mitochondrial 3-ketoacyl-coa-tiolase enzyme and decreased fatty acid β-oxidation, as well as increased pyruvate dehydrogenase activity by 37% (the rate-limiting enzyme in glucose oxidation) 11 . Moreover, TMZ maintains intracellular potassium, sodium and calcium balance, preventing intracellular acidosis 13 .Thus, by this way; TMZ may show effectiveness against treatment-resistant epilepsy cases.
Our results may prove that the high dose TMZ have an inhibitory effect on seizures and shows an anticonvulsant effect on PTZ-induced epilepsy in rats. These effects increases the dosage increases. It can be also said that TMZ have a protective effect on oxidative damage associated with PTZ in brain. To the best of our knowledge, this is the first paper that investigated the acute effects of high dose TMZ on PTZ-induced seizures and convulsions. The most important limitation of our study is the lack of the assessment of the evaluation of other oxidant or anti-oxidant biomarkers such as superoxide dismutase, nitrotryosine, etc. TMZ is a reliable and well-tolerated drug which is in use by clinician for many years. Certainly, because limited data exists, TMZ cannot be introduced as an effective antiepileptic yet. However, it can be suggested that TMZ may be considered as an alternative therapy in the future for drug-resistant epilepsy patients and that this study will guide future studies on the potential anti-convulsant effects of the drug.
